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1.0 



SCOPE 



This timing specification's Intended for persons 
already having familiarity with CYBER 200 concepts* 
terminology and general description as contained in 
the applicable specifications. In particular, this 
timing specification depends on much of the material 
in the CYBER 205 Functional Computer Specification 
10358025. The times contained in this specification 
for the CYBER 205 ^r~s preliminary estimates with 
little verification being complete at this time. 

In general, those instructions executed will be 
verified via simulation. 



2.0 



APPLICABLE COCUMENTS 
(To be added) 



3.0 



REQUIREMENTS 



3.1 



General DescriDtion 



The tables Ir. Section 3.2 are designed to provide 
timing data for the instruction sequences In the 
CYBER 205. All timing data is expressed in 20 
nsec. minor cycles. 
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SUPER COMPUTER OPERATIONS 

3.1 (Continued) 

Scalar Instructions are expressed as described 
be I ow. 

The ISS_U.£ column of the tables contains the minimum 
number of minor cycles between the issue of the 
specific instruction listed ir the left column and 
the issue of the next instruction in the seauence. 
Various operand or memory conflicts (as discussed 
later) can cause additional delay beyond this 
mi nimum time. 

The Issue column of the tables is sub-divided Hhen 
appropriate into three categories as defined below: 

NB — No Branch 

ISB -- In Stack Branch 

OSB -- Out of Stack Branch to first quarter 

sword. This time must be increased by 
1» 2 or 3 if the Branch address Is in 
the 2nd, 3rd or t»th ouarter sword 
respect i ve I y . 

The non-branch instructions use the entry under NB 
or No Branch. Example 1 illustrates a simple* no 
conflict. Rrsnrh ^enuanr-p. 



or i\o or arc n. txampie \ i 
conflict. Branch sequence. 



For this example and all following examples, the 
calculations are based on values from tables 3.1-1* 
3.2-1 and 3.2-2. The times under each column are 
based on Issue or Busy (L/S or D/C) time plus SS, RF 
and MEM. 

The R, S, T, A, X, Y, B, C, and Z under instruction 
reoresents the appropriate descriptors from the 
instruction. Non pertinent data is represented by 
a -. 
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, . IIUE 



INSTRUCTION 

F R/G S/X T/A F.F. RESULTS. BUSY REGISTER 

_Y 8 Z C_ I3.SU£ STAKED JS RF MEM L/S O/C RfJL£AS.£ 

A>60---0 - 58- - - 

8) 25 1 (NB) - - - 

11 
C) 60 - - - 12 - 17 20 - 

O) 25 - - - 13(OS8) - - - - 

E) - UZ 

Instruction (B) is a branch with condition not met? 
therefore instruction (C) issues at time 12. 

Instruction (0) is a branch with condition met to 
instruction (E) whose address is out of stack and 
falls in the third quarter sword therefore? (E)*s 

Issue = Time 13 + 0S9 (0) f 3rd Quarter Sword 
=13+27+2 
= i»Z. 

The R£2HLI_Ay_£IiABLE column of the tables contains 
Information necessary to time instruction seauences 
with operand dependencies. The first column f SS or 
shortstop, contains entries for those instructions 
which use the Floating Point Unit. These are the 
instructions which may use the shortstop feature to 
provide an input operand. This entry is the number 
of minor cycles after Issue that the result operand 
will be available at the shortstop for use with a 
following instruction. 

If instruction A issues at minor cycle X» any 
following instruction* 8, needing the result of A 
must issue no late r than minor cycle X + SS to 
utilize the shortstop. A floating point 
instruction reeding the result of A, can be issued 
before X+ES and wait at the input of floating point 
for the shortstopoed result of A. This allows 
other non- f I oat i rg point instructions 
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(12.i3t2F,31»32i35.36.5Et5F, 7E.7F, ( 3 Q-B5> ( .X XOX-X ) 
and 96) to Issue. The resulting time of an 

instruction that issues and waits for shortstop 
will be as if it had issued at the ideal time to 
match shortstop. A subseouent instruction requiring 
access to floating point will not issue any earlier 
than CX+SS} + 1. 

If instruction 8 Issues later than cycle X + SS * thus 
missing the shortstop? instruction B must wait 
until at least X + RF. At this time the desired 
operand will be available from the Register File. 
Exairole 2 illustrates operations using shortstoo. 

NOTE: Instructions that require 6^-bit ooerands 
cannot shortstop the result of a 32-bit 
operation and vice versa. 



Exa.fLQie__Z 



.Ii_l£. 



INSTRUCTION 



R/G S/X T/A 



F.P. 



.RE.SUI TS„, 



SiiSL 



REGISTER 



.Y_ _a_ _2 £_ USS11£ SIACXfO 5S RE tUE M 



U.S. S/Q ££LE:as£ 



A) 60 



B) 


60 


- 


C) 


60 


- 


0) 


60 


- 


E) 


60 


- 


F) 


60 


12 


G) 


60 


i«» 


H) 


7F 


- 



I) 60 



J) 60 



K) 

L) 



H) 



60 
60 



3<t 



!«♦ 



!<♦ 



16 15 



12 
1 
2 
3 

«f 
5 
6 
7 
8 
9 
10 
11 
12 
13 
it* 
15 
16 
17 
18 
19 
20 
21 
22 



Ik 



15 



16 



(G) 
(G) 
<G) 
(G) 



(M) 



5 
6 
7 
8 
9 
10 



15 

16 



8 
9 
10 
11 
12 
13 



18 

19 



18 21 



(K) 




<K) 




(K) 




(K) 


23 26 


- 


2t* 27 



17 (H) 



(G) 
(I) 



1*» 



25 28 
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Instruction (F) has a source operand conflict with 
instruction (A) whose SS time 5 matches instructions 
(F)*s earliest issue time 5» therefore no delay in 
issue. 

Instruction (G) has a source operand conflict 
with instruction (F) and has to wait until 
instruction (F)'s SS time 10 tefore it can 
proceed but because one instruction can be 
stacked in front of the F.p. unit instruction (H) 
can issue and execute. 

Instruction (J) has a source operand conflict with 
instruction (F). The earliest it can issue is time 
12 and misses instruction (F)*s SS time i0» 
therefore it has to wait until PF time 13 of 
instruct ion (F ) . 

Instruction (K) has a source conflict with 
instructions (I) and (J). It tries to issue as 
early as time l^, but has to wsit until time 18 
which is the latest SS time of instruction (I) and 
J). It will stack In front of the F.P. unit but 
does no good in this case because the following 
instruction reeds the same unit. 

Instruction (M) has a register file write conflict 
and must wait until the next available RF opening 
before it can issue. 

The last column under RESULT AVAILABLE (MEM) 
contains entries for those scalar instructions (13* 
32 » 5F, 7F) which store a result into Central 
Memory. The time listed is the minimum time until 
the operand is in memory and available for use. 
The time may also be increased by h minor cycles 
the desired memory bank is busy. 



1 f 



The UNIT ,gUSY column of Table 3.2-1 concerns 
instructions Issued to either the Divide/Convert 
(0/C> Unit or the Load/Store Unit (L/S). The 
Divide/ Convert Unit executes the 10, 11, i»C, r»F, 
53, 6C» 6F and 73 instructions. 

This unit is the only portion of Floating Point 
which is not a Pipe? thus the appropriate unit busy 
time listed in Table 3.2-1 must elaose before 
another instruction can be issued to the 
01 vi de/Convert Unit. Floating Point instructions 
other than these eight may be issued to Floating 
p oint while the Divide/Convert Unit is busy. 
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A second instruction from the set of eight can be 
issued, but will be held in front of the Floating 
Point Unit and issuing, of^ non-f loafing point 
instructions will continue. 

The Load/Store Unit executes the 12, 13» 32* 5E, 5F, 
7E and 7F instructions. There are six address 
registers in the Load/Store Unit which enable 
requests to be stacked and executed in the Droper 
order. The 12» 5E and 7E instructions each reouire 
one register and can be executed (in the absence of 
memory conflicts) at the rate of one load oer minor 
cycle. The ^F and 7F instructions each reaulre two 
address registers and can be executed at one store 
per two minor cycles. The 13 and 32 (not if G bits 
2 & 3 = 0) instructions each require two address 
registers and car be executed at one per m and 15 
minor cycles, resoectively, The rate is determined 
from the unit busy (see table 3.2-1). 

The LOAO/STORE Urit is then capable of streaming 
Load/Store irstructions (other than the 13 and 32) 
at one minor cycle per load and two minor cycles per 
store assuming no Memory or Register File conflicts. 
For example, a stream of N loads will execute in N * 
Ik minor cycles from the issue of the first load 
until the operand from the last load is available in 
the Register File. The N ♦ ±k comes from table 
3.2-1 where the lk is the RF time minus 1. 

The method of determining the time of Issue for a 
load/store instruction that is waiting on address 
registers to be released from previous load/store 
operation is as follows: 

A + B *■ 5 M.C. (minor cycles) 

(for register release) 

Where A is the urit busy time from Table 3.2-1 for 
the instructions that release the register. 



Where B is the 
to A. 



sum of unit busies stacked ud prior 



The method for determining result calculations for 
an instruction that waits on a unit busy and Is 
already issued, is to substitute the previous unit 
busy accumulated time and add the instructions SS, 
RF and/or busy time. See Exarrple 3. 
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A sequence of loads and store do not reference 
memory out of order. Therefore* a store followed 
by a load to the same location results In a delayed 
load of one memory busy (K M.C.) minimum. 

L.x.§mp.i.e. 3 

TIVE 

INSTRUCTION 

F R/G S/X T/A F.P. PESULTS BJJSY REGISTER 

_Y_ _3 Z £_ ISSUE. STACKED 5S_ 3£ *L1 LZS O/C REL£iS£ 

A) 60 - - - - 56- -- 

8> 7E - - - 1 - -16- 2- 7 

C) 13 - - - 2 

3 - - - 25 16-21 

0) 13 - - - U 

5 - - 39 30-35 

E) 60 - - - 6 - il lit - - - 

F) 7E - - - 7 - - k5 31-36 

G) 7E - - - 8 - - i»6 - 32-37 
H) 7E - - - 9 

21 - - i*7 33-38 

1) 13 - - - 22 

36 - - - 56 t*7 - 52 

J) 6F - - - 37 - 91 91* - 87 

K) 6F - - - 38 

L) - - - - 39 (K) 

87 (K> lkl lkk - - 137 

Instruction (B) is a load instruction and its 
calculations are t 

L/S Busy = Issue + L/S =1+1=2 
Register Release = Busy +5=2+5=7 
Result PF = Issue + RF = i + 15 = 16 

Instruction CO is a byte store and calculations 
are based on Issue time 2 or prior L/S busy time 2* 
whichever is largest, in this case either can be 
used. 

L/S Busy = L/S busy + L/S = 2 + i<« = 16 
Register Release = L/S busy + 5 = 16 + 5 = 21 
Mem = L/S busy + Min = 2 + 23 = 25 
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Instruction (0) is a byte store and the busy time 
is greater than issue time therefore: 

L/S Busy = L/S busy V L/S = 16 *■ Ik = 30 
Register Release = L/S busy *■ 5 = 30 * 5 = 35 
Mem = L/S busy +■ Mem = 16 + 23 = 39 

Load instruction (F's) timas will be based on busy. 

L/S Busy = L/S busy + L/S = 30 + 1 = 31 
Register Release = L/S busy + 15 = 31 + 5 = 36 
RF = L/S busy * RF = 3 + 15 = k5 

Instruction IG) is the same as instruction (F ) 
therefore all calculations will be 1 greater. 

Instruction (H) is the same as instruction (G ) but 
its issue will be held ud because the 6 registers in 
Load/Store are busy by instruction (C) uses 2« <0) 
uses 2» (F) and (G) uses 1 aoiece and will not issue 
until register release of instruction (C) time 21. 

L/S Busy = L/S busy + L/S = 32 + 1 = 33 
Register Release = L/S busy + 5 = 33 * 5 = 38 
RF = L/S busy + RF = 32 + 15 = k7 

Instruction (I) cannot issue because 5 of 6 
registers are busy and must wait until instruction 
(0) register release time 35» therefore! 

L/S busy = L/S busy ♦- L/S = 33 * Ik = k7 
Register Release = L/S busy * 5 = k7 * 5 = 52 
Hem = L/S busy + Mem = 33 ♦ 23 = 56 

Instructions (J) and (K) use the 0/C busy which is 
not busy therefore (J) issues at time 37 and its 
calculations are based on time 37. 

SS = ISSUE ♦ SS = 37 *■ 5k = 91 
RF = ISSUE + RF = 37 + 57 = 9k 
D/C Pusy = ISSUE + D/C = 37 + 50 = 87 

Instruction (K) calculations will be based on 0/C 
busy which is greater than issue time. 

SS = 0/C busy + SS = 87 + 5k - lk\ 
RF = 0/C busy + RF = 37 + 57 = lkk 
0/C busy = D/C busy + 0/C = 87 ♦ 50 = 13 7 

Instruction (L) can issue at time 39 and execute if 
it is a non F.°. instruction, otherwise it must wait 
un 1 1 I t ime 68. 
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There are three Operand Dependencies which delay 
Issue that must te considered. 

1. Source operand conflict -- an instruction 
requiring the result of a previous instruction 
as an input operand waits until the operand 
becomes available. 

2. Outout operand conflict -- an instruction outout 
to the same Fegister File location as a 
previously issued, but slower instruction, waits 
until the previous instruction stores its result 
in the Pegistar File, unless it also has a 
source operard conflict then it will go at the 
shortstop time. 

3. Register File Write conflict -- an instruction 
cannot issue if its result arrives at the 
Register File at the same minor cycle as the 
result of a previously issued but slower 
instruct i on . 

Table 3.1-1 pertains to instructions having greater 
than l minor cycle issue time. 

The first column lists the appropriate instructions. 
The second column indicates the minor cycle of issue 
that a specific operand is reauired. The third 
column indicates the availability of shortstop for 
that specific operand. 



EJL2EQ±$ k 



.lIMf 



INSTRUCTION 

F R/G S/A T/A F.P. _£es.uj.ts_ _£;iJLSY REGISTER 

_Y £ Z C_ XS£U£ SJ.AC.KE0 SS RF M£M LIS 0/£ R £LEASf_ 

A) 60 - - 12 - 58- - - - 

B) 31 12 1 

710SB) 

C) 60 - - 35 31 - 36 39 - - 

0) 20 35 3 5 - 32 

33 

35 

36(ISB) 
E) 60 - - - i»7 



ICONTROL DATA I ENGINEERING 

I I 

I Corporation I SPECIFICATION 

-_.«. « 

SUPER COMPUTER OPERATIONS 



NO. 10358026 
DATE 

PAGE 20 

REV. 02 



Instruction (8) branches out of stack to 
Instruction (C) (in second quarter sword). Its 
issue occurs at time 7, as opposed to time the RF 
time of instruction that Its depended on. The R 
descriptor is in the second cycle (from table 3.1) 
th ere f ore : 

Issue = Issue + OS3+1 (second quarter s*ord) 
=7+23+1= 31 

Instruction (D) branches in stack to instruction (E) 
and is dependent on instruction (D)*s SS time 36. 
Because (0) P S, S descriptors are read ir\ the 
second cycle* issue starts at time 35. 
Calculations are! 



Issue = Issue + IS8 =35+12 



47 



Timing descriptions for those instructions in 
vector/string units are as follows. 



the 



Each instruction has two values in its timing 
equations. One value is issue time (INB) which is 
the amount of time the issue unit spends on this 
instruction. The other value is a busy time (V9A) . 
Overlap does occur in most cases between 
vector/string Instructions (table 3.2-2) and scalar 
instructions (table 3.2-1). The exceptions are 
those instructions in table (3«2~2) that do not 
have a (VBA) time. 

The busy time (VEA) represents the number of cycles 
of parallel work that can be accomplished by the 
scalar instructions before the next vector /st ring 
unit instruction will be executed. Overlap does 
not occur if the scalar instruction requires the 
load/store unit instructions (0t», 0C, 00, OF, 12, 
13, 32, 5E, 5F, 7E and 7F). In this case, busy time 
(VBA) is used to predict the execution start time 
for these instructions the same way it is used to 
predict execution start time for a vector/string 
instruction. Their results and busy times will be 
increased from (15-23) minor cycles because of 
common hardware between table 3.2-2 instructions and 
load/store unit instructions. The start time of a 
vector string instruction is influenced by a 
preceding load/store unit instruction. The vector/ 
string operation will start 'when the load/store unit 
busy has 10 minor cycles remaining. 



Table 3.2-2 lists the instruction CP-CODE in the 
first column, then the issue time in minor cycle, 
the busy times ir minor cycles and in the last four 
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3.1 



(Coot inued) 

columns are the rate factors or pipe line size 
(°LS). The PLS is given "for both 2 and t» oioe 
size CPU's. PLS is the number of elements oer 
minor cycle and is constant or has different values 
for elements of 32 bit (3?H) and 6** bit (6^M) moves. 



Ej<ampJL£_5_r_C5iiJa_jnd_°1.5.=2_lor_ vectors. 

Ufl 

£..?__._ Pesul ts 



INSTRUCTION 
F S/G R/X T/A 



V) 60 



B 



Issue Stacked SJ RF HE.M 



A) 


60 


- 


B) 


60 


- 


C) 


60 


- 


D) 


63 


- 


E) 


30 


00 




— 


12 


F) 


60 


- 


G) 


60 


- 


H) 


60 


- 


I) 


60 


- 


J) 


60 


- 


K) 


60 


- 


L) 


60 


- 


M> 


60 


- 


N) 


60 


- 


0) 


3F 


00 


P> 


60 


«» 


Q) 


60 


- 


R) 


60 


- 


S) 


60 


- 


T) 


60 


- 


U) 


7E 


- 



12 




1 
2 
3 
(++ (IN3) 

--// 

21-- 

22 I 

23 I 

2<+ tVBA(E) 

25 +IN3CO)- 

26 I 

27 I 

28 I 

29 I 

30 I 
I 

--//-I 

93<- 
9t*-l 

95 I 

96 *-VBA(0)- 

97 I 
280<- 

281 



5 
6 

7 



26 
27 
23 
29 
30 
31 
32 
33 
3<* 



98 

99 

100 

101 

102 



8 

9 

10 

7 



29 
30 
31 
32 
33 
3k 
35 
36 
37 



111 
112 
113 
ilk 
115 



- 310 
286 289 



Instruction (E) will start issue at time £+ even though 
designator B*s contents are not available until time 6 
(instructions (C) RF time) because table 3.1-1 shows it 
is not needed until the fourth cycle of the 
instruction. 



Ins true t i on 
3.2-2 . 



(F) will issue at time 21 using table 
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3.1 (Continued) 

Issue = Issue + IN9CE) j= k + 17 = 21 

Instruction <P) will issue at time 93 because the VBA 
( = 3^ MJiJll of E)» is greater than issue time spent by 

1 21 

instructions (F) through (N) therefore: 

Issue = Issye (F) ♦ V6A(£) + IN9(0) = 21 * Z** 

1 21 ♦ 18 = 93 

Instruction (u) will issue at time 3iit because 
instruction (U) is a load and cannot start until 
instruction (0)"s busy is expended therefore: 

Issue = Issue (P) *• V3A(0) = 93 ♦ 62 + I kJlT = 280 

1.321 

Instruction (U)'s result to register file RF will be 
delayed by an additional 15 minor cycles minimum 
because of the previous vector instruction. 



Iimin3_2l_iiDii_opecsliaQ 

The total INE time for a link operation is the sum of 
INB's for the 56 instruction Fl and F2. The V9A time 
is the longer of Fl or F2. 

All times are approximate due to small variations 
listed under assumptions for vectors. 

Assumpt i ons 

Calculation using tables does assume an ideal situation 
and time must be added for the following: 

1. Alignment of slot time for memory reference, up to 7 
minor cycles. 

2. Space table searches in job mode: S«+ ♦ U where N is 

2 

number of element to search. 

3 . Int erruots . 

«♦ . Vector conflict with I/O 0-32 minor cycles only if 
there is a control vector. Not a high probability. 
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3.1 (Continued) 

5. Starting bank address of input streams and output 
stream could add k » 8 or 12 cycles. 

6. Register file conflicts are calculated the same as scalar 
instructions by using Table 3.1.1. The exact cycle 

the resist er is needed for tha vector instruction can be 
obtained from the table. 
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SUPER COMFOTER OPERATIONS 
Tab! e 3.1-1 



OROER THAT DESIGNATORS ARE REAO.FOR MULTIPLE ISSUE 
INSTRUCTION AND IF THEY CAN USE SHORTSTOP OF A PRFVIOUS 
INSTRUCTION 



INSTRUCTION 
13 



ICYCLEI DESCRIPTORS 



\ SHORTSTOP 



1 
2 



I PXSST 
I T 



No 
No 



20-27 



1 
2 



I T 
I P&S 



No 
Yes 



2F 

31*35 



1 
2 
3 



I S 
I T 
I T 



No 

No 
No 



1 
2 
3 



I SS.T 
I R 
I P 



No 
No 

No 



32 
36 



1 
2 



I S 
I T 



No 
No 



1 
2 

3 



I S&T 
J R 
I P 



No 
No 
No 



5F 
6D* 



1 
2 



I PSSST 
I T 



No 
No 



1 
2 



I R&SfcT 
I T 



Yes (R&S) 
No 



7F 



1 
2 



I P&S&T 
I T 



No 
No 



30-35.X00X-X 



1 J PiY?Z 

2 I X&A 

3 I C&Z 

«♦ f X8.A&C 



No 
No 
No 
No 



B0-B5.X01X-X 



1 I 9&Y&Z 

2 I XiAfcC 

3 I CiZ 



No 

Yes (X + A) 

No 



eo-35.xiox-x 



1 

2 



I B&Y 
J X1A 



No 
Yes 



B0-85.XHX-X 



E6 



1 
2 



I B&Y 
I XS.A + Y 

I R 



No 

Yes (X + A) 



I No 
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ENGINEERING 
SPECIFICATION 

SUFEP COMPUTER OPERATIONS 
Table 3.1-1 



ORDER THAT DESIGNATORS ARE REAO.FOj? MULTIPLE ISSUE VECTOR 
UNIT INSTRUCTIONS OF WHICH CANNOT IlSE SHORTSTOP OF A 
PREVIOUS INSTRUCTION 



1 INSTRUCTION 


ICYCLE! DESCRIPTORS 






1 


SHORTSTOP 1 


1 09 




1 1 


t S & T 






1 


No 1 






I ? 


1 Store Trace 


Reg, 


I 


No ! 


1 l«t->16. 


1 1 


1 S & T 






! 


No 1 


1 1C- 


•>1F 


1 2 


1 P 






f 


No 1 


1 28 


1 1 


1 T & S 






1 


No 1 


1 33 




1 1 


1 T 






1 


No 1 






1 2 


1 Fe 1 at i ve Branc 


h 


1 


No J 


1 70 




1 1 


1 Store Trace 


Re 


9- 


1 


No 1 






1 2 


t S i T 






f 


No 1 






1 3 


1 R 






1 


No 1 


1 80" 


>8C, BF 


1 1 


1 C 






1 


No I 


1 90- 


>98 




1 C+l IF G8IT 


2 = 


1 


1 








1 2 


1 Z 






1 


No 1 






1 3 


1 A IF G8IT3=0 
1 X 






1 
1 


No 1 






k 


1 8 IF G3ITi* = 
1 Y 






1 


No 1 






5 


1 A IF GBIT3=1 
1 B IF G8ITi»=l 






I 

1 


No f 


1 9C 




1 


1 C 

1 C+l IF G8IT2 


= 1 




1 
1 


No ! 






2 


1 Z 






1 


No 1 






3 


1 A IF G9IT3=0 
1 X 






1 
1 


No 1 






tf 


I — 






1 


No 1 






5 


1 A IF G8IT3=1 






1 


No t 


» 9D 




1 


1 C 

1 C*l IF G3IT2- 


: 1 




1 
1 


No 1 






2 


1 Z 






! 


No 1 






3 


1 A IF G3IT3=0 
1 X 






J 

I 


No 1 






<♦ 


1 B IF G9IT«i = 
1 Y 






1 
1 


No 1 






5 


1 A IF G3IT3=1 
1 8 IF G9IT«f = l 






J 
1 


No 1 
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Tabl e 3.1-i 

ORDER THAT DESIGNATORS ARE PEAOFOR MULTIPLE ISSUE VECTOR 
UNIT INSTRUCTIONS OF WHICH CANNOT USE SHORTSTOP OF A 
PREVIOUS INSTRUCTION 



1 INSTRUCTION 


ICYCLEI 


DESCRIPTORS 


1 


SHORTSTOP t 


1 A0- 


A2, 


Ai»-/»6 


1 1 


1 


C 


I 2 


1 


No 1 


t A8« 


A9, 


AB, 


1 2 


1 


Z 




! 


No 1 


1 AC, 


AF 




1 3 


1 
J 


A 
X 


IF G8IT3=0 


1 

I 


No 1 








1 k 


1 

1 


B 
Y 


IF GBITi* = 


1 

1 


No 1 








1 5 


1 

1 


A 
B 


IF GBIT3=i 
IF G3IT<» = i 


1 
J 


No 1 


1 97 






1 i 


1 


STOFE TRACE REG. 


1 


No 1 








1 2 


1 


C 


& A 


1 


No 1 








1 3 


1 


7 




1 


No 1 








<♦ 


1 


A 


& X 


1 


No 1 








5 


1 

1 


B 
Y 


IF GBITU=0 


1 

t 
i 


No 1 








6 


1 


B 


IF GBIU=1 


1 


No 1 


i es 






1 


1 
1 


C 
C + 


i IF GBIT2=i 


1 
1 


No 1 








2 


1 


z 




1 


No 1 








3 


1 

1 


A 
X 


IF GBIT3=0 


1 
1 


No t 








«♦ 


1 
1 


B 
Y 


IF GBITlf = 


1 

J 


No 1 








5 


1 
1 


A 
B 


IF GBIT3=1 
IF GBITt^i 


I 
1 


No 1 


1 BA 






1 
2 


1 

1 


C 

z 


I A 


1 
1 


No 1 
No 1 








3 


1 


A 


t X 


1 


No 1 








<♦ 


1 


B 


& Y 


1 


No « 








5 


1 


-- 




1 


No r 
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SUPER COMPUTER OPERATIONS 

Table 3.1-i 

ORCER THAT DESIGNATORS ARE READFOJ? MULTIPLE ISSUE VECTOR 
UNIT INSTRUCTIONS OF WHICH CANNOT IjSE SHORTSTOP OF A 
PREVIOUS INSTRUCTION 



INSTRUCTION 


ICYCLEI 


DESCRIPTORS 


1 SHORTSTOP \ 


I ea, bc. 


30, 


1 i 


J 


C 


S Z 


i No 1 


1 C0-C3 




1 2 


1 


Z 




1 No 1 






1 3 


J 

1 


A 
X 


IF GBIT3=0 


1 No 1 






1 h 


1 

1 


B 
Y 


IF GBITit = 


J No i 






t 5 


1 
1 


A 

B 


IF GBIT3=1 
IF G3IT<* = i 


1 No 1 


J C«*-C7 




1 1 


J 


Z 




1 No 1 






1 2 


1 


Z 




1 No 1 






1 3 


1 
1 


A 
X 


IF G8IT3=0 


1 No 1 






1 h 


1 

1 


B 
Y 


IF GBITi^O 


No 1 






1 5 


1 
1 


A 
R 


IF GBIT3=1 
IF GBIT«* = i 


1 No 1 


1 C8-CB CF 




1 


1 


C 


& A 


No 1 






2 


1 


z 




No 1 






3 


1 
1 


A 
X 


IF G8IT3=0 1 


No 1 






(* 


1 
1 


B 
Y 


IF GBITtf = 1 


No 1 






5 


1 
1 


A 

8 


IF GBIT3=i « 
IF G3ITt» = l 1 


No 1 


1 CC 




1 


1 


C 


g. B J 


No 1 






2 


1 


A 


S. X I 


No > 


1 DO, Oi, 


Dff, 1 


i 


1 


C 




No 1 


1 C5 






1 


C+i IF GBIT2=1 1 








2 


1 


Z 




No t 






3 


1 
1 


A 
X 


IF GBIT3=0 J 


No I 






<♦ 


1 

1 


B 
Y 


IF G3IT«* = 1 


No 1 






5 


1 

I 


A 

B 


IF GBIT3=1 1 

IF GBITt + = i 1 


No I 
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SUPER COMPUTER OPERATIONS 

Tabl e 3 .1-1 

OPOER THAT DESIGNATORS ARE READ. FOR MULTIPLE ISSUE VECTOR 
UNIT INSTRUCTIONS OF WHICH CANNOT IjSE SHORTSTOP OF A 
PREVIOUS INSTRUCTION 



J INSTRUCTION 


ICYCLE J 


DESCRIPTORS 


1 SHORTSTOP 1 


1 09, 


09 


1 1 


1 


C 






1 No 1 






1 2 


1 


z 






1 No J 






1 3 


I 
1 


A 
X 


IF 


GBIT3=0 


1 No 1 






1 «t 


1 
1 


B 
Y 


IF 


GBIU = 


1 No 1 






1 5 


1 


A 


IF 


GBIT3=1 


1 No 1 








1 


B 


IF 


GBIT k=l 




» DA 




1 1 


1 


C 


S ( 


:*i 


1 No 1 






1 2 


1 


Z 






1 No 1 






1 3 


1 
1 


A 

y 


IF 


GBIT3=0 


1 No 1 






i* 


1 
1 


e 

Y 


IF 


G9IT(4 = 


1 No 1 






5 


1 


A 


IF 


GBIT3=1 


1 No 1 








1 


B 


IF 


GBIT<t = i 




IOB 




1 


1 


c 






1 No 1 






2 


1 


z 






t No 1 






3 


1 

1 


A 
X 


IF 


G3IT3=0 


1 No 1 






k 


1 
1 


B 
Y 


IF 


GBIT(* = 


1 No 1 






5 


I 


A 


IF 


GBIT3=1 


J No I 








J 


B 


IF 


GBIT<* = 1 
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SUPER COMPUTER OPERATIONS 

Table 3.i~i 

ORDER THAT DESIGNATORS ARE PEAO.FOR MULTIPLE ISSUE VECTOR 
UNIT INSTRUCTIONS OF WHICH CANNOT TjSE SHORTSTOP OF A 
PREVIOUS INSTRUCTION 



{INSTRUCTION 


ICYCLEI 


DESCRIPTORS 


1 


SHORTSTOP 1 


1 DC 




1 1 


1 


C S. 


Cfi 


1 


No I 






1 2 


1 


Z 




1 


No 1 






1 3 


1 


A IF GBIT3=0 


1 


No i 








J 


X 




1 








1 «♦ 


1 


B IF G8IT£f=0 


1 


No 1 








1 


Y 




1 








1 5 


\ 
1 


A IF G3IT3=1 
B IF G3ITi* = l 


1 
1 


No 1 


1 OF 




1 


1 


C 




1 


No 1 








1 


Cfl 


IF G9IT 2=1 


1 








2 


1 


Z 




1 


No 1 






3 


1 


A & 


3 


1 


No 1 


J F0- 


F7 


1 


1 


C & 


Z 


1 


No 1 






2 


1 


C I 


Z 


1 


No » 






3 


1 


A & 


X 


1 


No 1 






<♦ 


1 


e i 


Y 


1 


No 1 






5 


I 


- — 




1 




1 F8 




1 


1 


C I 


Z 


1 


No 1 






2 


1 


z 




i 


No 1 






3 


1 


A i 


X 


i 


No I 
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SUPER COMPUTER OPERATIONS 

Basic Instruction Timing 
Table 3.2*1 Scalar Instruction Times 







Issue 




\ Resul 


t Avai 


1 • 


lUnit 


Busy 1 


! Instruc 


tionsl N9 


1 IS8 


i ose 


1 S.S. 1 


R.F. 


1 MEM 


1 L/S 


1 D/CI 






. ,. „ 






, ._ .™ 


„ m _ 


— •!. 


,... . * 


1 03 


1 1 
















1 0k 


1 20 
















1 05 


I - 


1 


1 32 












1 06 


t i» 
















OC 


1 Zh 
















00 


U8 
















**OE 


1 20 1 


31 1 


if 6 1 












OF-IN 


ARS 1 9 1 


- - 1 


- - | 


— - | 


22 1 








OF-OUT 


ARS J 89 + 


2 J 


-- 1 


-- 1 


92+^ 1 
2 1 








10 


1 1 1 


— 1 


-- 1 


21 1 


Zh \ 






17 t 


11 


1 1 1 


-- 1 


-- 1 


5U 1 


57 1 






50 1 


12 


1 1 1 


-- \ 


-- 1 


-- 1 


15 1 




1* 1 




13 


1 2 1 


-- 1 


-- 1 


-- 1 


-- 1 


23 1 


l«f* 1 




20 


1 11 1 


12 1 


27 1 


-» -■ t 


— mm 1 


— — 1 







* MUST AOO 5 MC FOR REGISTER RELEASE 

* -!UST BE TREATED LIKE A VECTOR INSTRUCT IOK-N=NUMPEP WORDS 
SEARCHEO 
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Table 3.2-1 Scalar Ins truct I or Times (cont'd.) 







Issue 




1 Resu 


1 t 


fva i 


1 • 


JUnit 


Busy 1 


t Instruct ions 


1 NB 


1 ISB 


1 OSB 


1 S.S. 1 


R. 


F. 


1 MEM 


1 L/S 


1 O/CI 






















1 21 


1 11 


1 12 


1 27 


t — — 1 




- - 


1 — 




1 22 


1 11 


1 12 


1 27 


f -- 1 




-- 


1 






1 23 


1 11 


1 12 


» 27 


1 -- 1 




-- 


1 






1 2k 


1 11 


1 12 


1 27 


1 -- 1 






1 






1 25 


11 


1 12 


! 27 


1 -- 1 






1 






1 26 


11 


1 12 


1 27 


I -- 1 




-- 


-- 






1 27 


11 


12 


27 


-- 1 




- - 1 


-- 






1 2A ! 


1 


-- 1 


-- 


3 1 




6 i 


1 






28 1 


1 


-- 1 


-- 1 


3 1 




6 ! 


1 






2C 1 


1 1 


-- 1 


-- 1 


3 « 




6 I 


1 






2D 1 


1 1 


-- 1 


-- 1 


3 1 




6 1 


1 






2E 1 


1 1 


-- 1 


-- 1 


3 1 




6 1 


1 






2F 1 


7 1 


8 1 


23 1 


-- 1 




7 t 


1 






30 1 


1 1 


-- 1 


-- 1 


3 1 




6 1 


I 






31 1 


7 1 


8 1 


23 1 


-- 1 




7 1 


1 







* MUST ADO 5 MC FOR REGISTER RELEASE 
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Tab 



e 3.2-1 Scalar Instruction Times (cont'd.) 



Issue 



Resu I t A vai 



Uni t Busy 



Instruct i ons 



NB I ISB I OS8 



S.S. I P.P. 



MEM 



L/S I O/C 



32. OX 
32.1X-3X 

32.<iX 
32.5X-7X 

32. 3X 
32.9X-3X 
32. CX 
32.0X-FX 

**33 

3k 

35 
36,R=T,S=0 
36iR=T,S*0 
36»R*T 

38 



3C 
30 



2 
2 



20 
20 
20 
20 

20 

1 

7 

k 



1 
1 



21 
21 
21 
21 

31 



9 
8 



2k 
2k 

36 

36 
36 
36 

U6 



23 

2k 
23 



5 

5 



6 
7 
6 
8 
7 



8 
B 



2k 



2k 

2k 
2k 



15' 



15* 

15* 
15* 



* MUST AOO 5 MC FOR REGISTER RELEASE 
** MUST BE TREATEO LIKE A VECTOR INSTRUCTION 
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Table 3.2-1 Scalar Instruction Times [cont'd.] 





Issue 




1 Resu 


It 


A vai 


1 • 


1 Uni t 


Busy 1 


1 Ins truct i ons 1 N9 


1 ISB 


1 0S8 


1 S.S. 1 


P 


.F. 


1 MEM 


1 IV S 


1 O/CI 




1 










1 3E 11 


1 


1 1 1 




<♦ 


1 






1 3F 11 


1 


1 


1 1 1 




k 


1 






1 <*0 11 


1 


1 


1 5 1 




8 


1 






1 kl 11 


1 


1 


1 5 1 




8 


1 






1 hZ 11 


1 


1 


1 5 1 




8 


1 






» <♦<♦ 11 


1 


1 


1 5 I 




8 


-- 






<*5 1 1 


-- 


-- 


5 1 




8 


-- 






I <t6 1 1 


-- 


-- 1 


5 1 




8 


_- 






<*8 1 1 


-- 1 


-- 1 


5 1 




8 1 


1 






t.9 111 


-- 1 


- - 1 


5 1 




8 1 


1 






kB 111 


-- 1 


-- 1 


5 1 




6 1 


1 






kC 111 


-- 1 


-- 1 


30 1 




33 1 


1 




26 1 


t»0 111 


-- ! 


-- 1 


1 1 




t» 1 


1 






<*E 111 


-- 1 


-- 1 


1 1 




<♦ 1 


1 






<»F 111 


-- 1 


-- 1 


30 1 




33 1 


1 




26 t 


50 111 


-- 1 


-- 1 


5 1 




8 1 


1 






51 111 


-- 1 


-- 1 


5 1 




8 1 


1 






52 111 


-- 1 


-- 1 


5 1 




8 1 


1 






53 111 


— 1 


— 1 


29 1 




32 1 


1 




25 1 
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Table 3.2-i Scalar Instruction Times [cont'd.] 









Issue 


1 Result 


A vai 


1 • 


lUnit Busy 1 


1 Ins true 


fions 


1 NB 


1 ISB 1 OS3 


1 S.S. 


1 P 


.F. 


1 MEM 


1 L/S 1 O/CI 


J S«i 




1 1 


1 -- 1 


1 5 




8 


J 




1 55 




1 i 


1 -- 1 


1 5 




8 


1 




1 58 




1 1 


1 -- 1 


1 1 




<♦ 


1 




1 59 




1 1 


j -- | 


1 5 




8 


1 




1 5A 




! 1 


1 -- 1 


1 3 




6 


1 




1 58 




I i 


1 -- I 


1 3 




6 


-- 




1 5C 




1 


1 -- 1 


5 




8 


-- 




1 5D 




1 


1 -- 1 


5 




8 


-- 




1 5E 




1 








15 1 


— 1 


1* 1 1 


1 5F 




2 


-- 1 -- 1 


-- 




1 


io : 


2* 1 1 


60 




1 1 


-- I -- 1 


5 i 




8 1 


-- I 




6i 




i 1 


__ j -- | 


5 ! 




8 1 


-- l 




62 




i 1 


__ j _. j 


5 1 




8 1 


-- I 




63 




1 1 


-- 1 -- 1 


1 1 




k 1 


— i 




6<» 




1 1 


-- 1 -- 1 


5 1 




8 1 


-- i 




65 




i I 


-- 1 -- 1 


5 1 




8 1 


-- i 




66 




1 I 


-- 1 -- 1 


5 1 




8 1 


-- i 




67 




l l 


— 1 — 1 


1 1 




t* 1 


- - i 





* MUST AOD 5 MC FOR FEGISTEF RELEASE 
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Table 3.2-i Scalar Instruction Times 



Issue 



Result Aval 



cont'd. ] 



Unit 9usy 



Ins truct 1 ons 



N3 I ISP I 0S8 



S.S. I P.P. 



MEM 



L/S I D/C! 



68 
69 
68 
6C 

60 
6E 
6F 

70 
71 
72 
73 

7<* 
75 
76 
77 

78 
79 

7A 



1 
1 
1 

1 

2 

1 
1 

1 

1 
1 
1 

1 

1 
1 
1 

1 
1 
1 



5 


1 8 


5 


i 8 


5 


1 6 


5<* 


1 57 


<♦ 


1 7 


3 


1 6 


5k 


1 57 


5 


8 


5 


8 


5 


8 ! 


53 1 


56 1 


5 1 


8 1 


5 1 


8 1 


5 1 


8 1 


5 1 


8 1 


1 1 


k I 


5 1 


8 1 


3 1 


6 1 



50 



50 



t»9 



(CONTROL DATA I 

I I 

I Corporation I 



ENGINEERING 
SPECIFICATION 

SUPER COMPUTER OPERATIONS 



NO. 1Q353Q26 
DATE 

°AGE 35 

REV. 02 



Table 3.2-1 Scalar Instruction Tiires 



Issue 



Resu I t A va 



cont'd. ] 



Uni t Busy 



Ins true ti ons 



NB I ISB t OSB 



S.S. I R.F. 



HEM 



L/S J O/C 



7B 
7C 
7E 
7F 

B0.X0QX-X 
30.X01X-X 

eo.xiox-x 

B0.Xlj.X-X 

31.XO0X-X 
Bl.XQiX-X 
Bl.XiO X-X 
Bl.Xli X-X 

32.X00 X-X 
B2.X01 X-X 
B2.X10 X-X 
B2.XH X-X 



1 
1 
i 
2 

8 

3 

11 

2 

8 

3 

11 

2 

8 
3 

11 
2 



12 



12 



12 



2h 



27 



2k 



27 



2k 



27 



3 

3 



6 

6 

15 



8 
5 + 8** 



8 
5 + 8** 



8 
5 + 8** 



10 



1* 
2* 



* MUST ADO 5 MC FOR REGISTEF RELEASE. 

**Output to be stored In Register C is available at 5 cycles and Y 
at 1 cycles. Y may be used from the Shortstop at time 5. C can 
not be shor tstopoed. 
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Table 3.2-1 Scalar Instruction Times Icont'd.] 







Issue 




1 Result Aval 


1 • 


lUnlt Busy 1 


J Ins truct i ons 


1 NB 


i ise 


1 OSB 


1 S.S. 


1 R.F. 


1 MEM 


1 L/S 1 O/CI 


1 83.X00 X-X 


1 8 


1 9 


1 zu, 


1 


1 8 


1 




1 B3.X01 X-X 


1 3 


1 


\ 


1 5 


15*8*» 


1 




1 B3.X10 X-X 


1 11 


I 12 


1 27 


1 


1 


1 




1 B3.XH X-X 


1 2 


1 


1 


1 6 


1 9 


1 




i e»».xoo x-x 


8 


1 9 


1 2k 


1 


I 8 


1 




1 B^.XOl X-X 


3 


1 


1 


5 


1 5+8** 


-- 




i e^.xio x-x 


11 


12 


27 


1 


-- 


_- 




i ett.xn x-x 


2 


1 


1 


& 


9 


1 




1 B5.X00 X-X 


8 


9 


2k 


— 


8 


1 




1 B5.X01 X-X 1 


3 I 


-- 1 


-- 1 


5 1 


5+8** 1 


1 




1 B5.X10 X-X 1 


11 


12 


27 


— 1 


1 


1 




1 B5.XH X-X 1 


2 1 


-- 1 


-- 1 


6 1 


9 1 


1 




1 B6 1 




8 1 


23 1 


-- 1 


1 






1 BE 1 


1 1 


-- I 


-- 1 


1 1 


k 1 






1 BF 1 


1 1 


-- 1 


-- 1 


1 1 


k 1 






! CO 1 


1 1 


-- 1 


-- 1 


1 1 


it 1 






1 CE 1 


1 I 


— 1 


- - 1 


1 1 


k 1 







**Cutput to be stored in Register C is available at 5 cycles and Y 
at 8 cycles. Y may be used from the Shortstop at time 5. C can 
not be shor tstopped. 
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Table 3.2-2 

Definitions for Table 3.2-2 

32M = 32 Mode Operation 
6<«M = &t* Mode Operation 
PLS = Pipe Line Size (Number of elements per minor cycle) 

J I = The ceiling defined as the nearest integer greater than 
I I or equal 



A 
B 
C 
X 
Y 
Z 
R 
S 
T 



These letters stand for usable length of their resoective 
fields* that is: B's field length of a field etc. Usable 
> field length means given field or sometimes requires the 
subtracf ion of its offset. 



CR = 



I PLS I 



ZR= I_Z_I 

IPLSI 



BR= l_B_l 
IPLSI 



AR = 



l_A_l 
IPLSI 



ABR= l_A_l OR l_S_l Use smaller of the two 
IPLSI IPLSI 



/ \ / \ 

TRA = I III I I l_g I + l_S I I 

I |P| I I 116 I U6 I I 

\ / \ / 



ICONTROL DATA I ENGINEERING 
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Table 3.2-2 

Definitions for Table 3.2-2 (Continue^) 

/ \ / \ 

» I _X_ I I I t_£ I + l_S I I 

TRB = I IR + S II I 116 I 116 I I 

\ / \ / 

/ \ / S 

TRC= IIIII ll_£l+ IS^RI I 

I I S I I I 116 I 116 I I 

\ / \ 



NO. 
DATE 

°AGE 39 
REV. 02 



10358026 



TR = 



I I I 
I 2 I 



or 



t B I 

I 2 I Use larger of the two results. 



RR = 



l_S_! 
I^LSI 



TRD = 



I _T_! 

IPLSI 
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Table 3.2-2 

VECTOR/STRING INSTRUCTION TIMES 





1 Issue 


1 Busy 


1 Notes 


>-__ 


PLS 






1 2 ° 


ipe 


1 k P 


Ipe 1 


Ins true 


tionl IN3 


1 VBA 


! 32M 


I tk* 


1 32M 


! 6<*M I 


00 
















01 


1 23 














02 


1 23 














07 


1 23 














08 


1 Ik 














09 


IMONITOR 
1 187 
I 123 
IJOB TO 
1 190 
1 126 


ITO JOB 
1 TWO P. 
1 FOUR f 

imonitor 
1 two p: 

FOUR f 


[PE 
3 IPE 

tPE 

3 IPE 










0A 


1 i<* 














09 


1 23 1 














Ik 


1 1<+ 


51+ + TRA 




16 


1 16 


16 


16 1 


15 


1 Ik 


35+TRB ! 




16 


16 


16 


16 1 


16 


1 Ik 


35*TRB 1 




16 


16 


16 


16 1 


17 


1 23 1 














18 


1 23 I 














19 


1 23 1 














1A 


1 23 1 














IB 


1 23 « 














1C 


I 1«* I 


31+TRC J 




16 « 


16 1 


16 1 


16 1 


10 


1 Ik 1 


31*TRC 1 




16 1 


16 1 


16 1 


16 1 


IE 


1 16 1 


33+RR » 




16 1 


16 1 


16 « 


16 1 


IF 


1 16 I 


37+RR 1 




16 » 


16 1 


16 I 


16 1 


28 


1 16 1 


37*TRD 1 




2 I 


2 » 


2 » 


2 1 


29 


1 23 1 














37 


! 15 1 














39 


1 15 1 














3A 


1 15 1 














38 


1 20 1 
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Table 3.2-2 
VECTOR/STRING INSTRUCTION TIMES 



Instruct ion 



Issue 
IN3 



Busy 
VBA 



No t es 



PLS 



32* 



oe 



6<*M 



i* P 



32M 



oe 



6<*M 



<*3 

hi 

<»A 
56 

57 
6A 
70 R=0 

70 R*0 

80 
31 
82 
83 

Si» 
85 

86 
87 

88 
89 
8A 
83 

3C GO=i 
8C GO=0 
3D 
8E 

8F GO=i 
8F GO=0 
90 
91 

92 

93 G0=i 

93 G0=0 

9tf 



23 

23 

23 
15 

23 
23 

28+TR 

56 + TR 



17 


1 3<t«-CR 


17 


3W + CR 


17 


3l»+CR 


17 


3<t + CR 


17 


3<*+CR 


17 


3<*+-CR 


17 1 


3<t*-CR 


17 1 


3<»+CR 


18 1 


3^ + CR 


18 1 


3«t+CR 


17 1 


3^ + CR 


18 1 


3^«-CR 


18 1 


50+CR 


18 1 


62+CR 


23 1 




23 1 




18 1 


50 + CR 


18 i 


62 + CR 


17 1 


3^ + CR 


17 1 


3«» + CR 


17 1 


3^+CR 


17 1 


50*CR 


17 1 


62 + CR 


17 1 


3<» + CR 



If 






<t 

h 



61 



61 

k 

61 



2 


1 8 


2 


8 


2 


1 8 


2 


•• 


2 1 


8 


2 1 


8 


2 


8 


2 1 


— 


2 1 


8 


2 1 


8 


2 1 


- 


Z 1 


8 


- | 


1.22 



32 



32 

2 
2 



32 
2 



1.22 

8 
8 

8 
1.22 

3 



if 
U 

k 



&«* 



tf 



bU 
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Table 3.2-2 
VECTOR/STRING INSTRUCTION 



TIMES 



Instruct ion 



Issue 
IN3 



Busy 
VBA 



Notes 



PES 



2 Pipe 

32M I 6t*M 



U P 



32M 



pe 



bkH 



95. 
96 
97 

98 

99 
9A 
98 
9C 

90 
9E 
9F 

40 
Al 
A2 
A3 

A if 
A5 
A6 
A7 

A8 
A9 
AA 
A3 

AC GO=l 
AC GO=0 
AO 
AE 

AF GO=i 

AF GO=0 
97 G567=Q 
1 
2 

<♦ 
5 
6 



17 

17 
17 

17 

17 
17 
17 
17 

17 
23 
23 

19 
19 
19 
23 

19 
19 
19 
23 

20 
20 
23 
20 

20 
20 
23 
23 

20 
20 
18 
63+AR 
18 

18 
61 + AR 
18 



3«t + CR 
3t»+CR 
3«t + CR 
3«* + CR 

3<» + CR 
3«**CR 
3«f + CR 
31+ + CR 

3«t+CR 



69 + ZR 
69 + ZR 
69 + ZR 



69 + ZR 
69 + ZR 
69+ZR 



69 + ZR 
69 + ZR 

69 + ZR 

85 + ZR 
97 + ZR 



85 + ZR 
97 + ZR 

65 + AR 

<+0 + [A 

U3 + 3R)] 
53 + AR 

8 + t A 
U8 + 8R) 3 



k 



k 



u 
k 



I* 

61 



61 

.8 

.8 

U 

.8 

.8 



2 
2 
2 
2 



2 
2 
2 



2 
2 
2 



2 

2 



.32 



32 

.8 

. 3 

2 

.8 

.8 

2 



8 
8 
8 
8 

8 
8 

8 



8 
8 
8 



8 
8 
8 



8 
8 



8 
1.22 



1.22 

.8 

.8 

8 

.8 

.8 

8 






«f 
«f 



I* 






.&<♦ 



.8 

.8 
<♦ 

.8 
.8 



» I CONTROL OATA I ENGINEERING 

I j 

I Corporation I SPECIFICATION 
SUPER COMPUTER OPERATIONS 



NO. 
DATE 

PAGE Cf3 

REV. 0? 



10358026 



Oable 3.2-2 
VECTOR/STRING INSTRUCTION TIMES 



I 

I 

t 

I 

I Instruct Ion 

I 



Issue 



IN3 



Busy 
V3A 



I 

I Notes 

I 



PLS 



2 Pioe 



32M I 6<+M 



k Pioe 



32M 1 



6<fM 
1.9 



.8 
.8 



I SB 

I 39 

I 

I 3A G567=0 

» =1 

J =2 

I 

I = «. 

I =5 

I =6 



I 

I 33 



\ 


3C 


1 


30 


1 




1 


CO 


1 


Cl 


1 


C2 


1 


C3 


1 




1 


Ck 


1 


C5 


1 


C6 


1 


C7 



I 
I cs 

I 

I C9 
I 



1 


CA 


1 




1 


CB 


1 




1 




1 


CC 


1 


CF 


1 


00 


1 


01 



17 
?3 

17 
63 + AR 
18 

17 
32 + AR 
18 



13 
16 
18 

21 
21 
21 
21 

20 
20 
20 
20 

16 

16 

16 

16 



26 
19 
17 
19 



3i»*CR I 

t 

I 
52+AR i 

I 

32*tA J 

fc»8t3RMI 

22+AR I 

I 

8*[A I 

U8 + BRMI 

I 
36 + ZR 
36 + ZR 
<»0*ZR 



51+A3R 
51+ABR 
51+ABR 
51+ABR 

36 + ZR 
36 + ZR 
36 + ZR 
36 + ZR 



15KA 
(62+-BR) 1 I 

15*[A I 
(62+8R] I 

15+CA J 
(62 + 9R) 1 1 

15+tA I 

(62 + BR) ) I 

! 

t+8f AR 

«+7+AR 

3«*+CR 

3«»*CR 



3.8 



. 8 

.8 

tf 

.8 
.8 



k 






1.9 



.8 

.8 

2 

.8 

.8 

2 



2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

2 

2 

2 



2 
2 

2 
2 



3.8 I 

I 

I 

.8 I 

.8 I 

8 I 

I 

.8 I 

.8 I 

8 I 

I 



8 I 

8 I 
8 I 

I 
8 I 
8 I 
8 I 
8 I 

I 
8 I 
8 I 
8 I 
8 I 

I 
S I 

I 
8 I 

I 
8 I 

I 
8 ! 

I 

I 
- I 
8 I 
8 I 
8 I 



. 8 
.8 



k 

k 
U 

k 
I* 
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SUPER COMPUTER OPERATIONS 



Table 3.2-2 
VECTOR/STRING INSTRUCTION TIKES 





ruct ion 


1 Issue 


1 Busy 


1 Notes 




PLS 






1 2 P 


loe 


1 «f p 


Ipe 1 


Inst 


1 INB 


I VBA 


1 32M 


1 6«»M 


I 32M 


1 6<*M » 


02 




1 23 














03 




1 23 














o<* 




1 17 


1 3*4*-CR 




« <♦ 


1 2 


1 8 


1 «♦ « 


05 




1 19 


1 3^*-CR 




1 k 


1 2 


1 8 


1 <f 1 


06 




1 23 














07 




1 23 














08 




1 21 


t+8 + AR 


1 1 


1 1 


1 1 


1 1 


1 1 1 


09 




1 21 


i+8+AR 


1 1 


1 1 


1 1 


1 1 


t 1 1 


OA 




1 21 


75 + AR 


1 2 


1 


I 1 


1 1 


1 1 « 


OB 




21 


76 + AR 


2 


1 


1 1 


1 1 


1 1 t 


oc 




21 


56+A3F 


2 


1 


1 1 


t 1 


1 1 I 


DO 




23 






- 


- 


— 


— f 


OE 




23 






- 


- 


~ 


• 1 


OF 




17 1 


29 + CR 




1 


1 


1 


1 1 


EO 




23 














Ei 




23 1 














E2 




23 1 














E3 




23 1 














E<4 




23 1 














E5 




23 1 














E6 




23 1 














E7 




23 1 














E8 




23 1 














E9 




23 1 














EA 




23 1 














E8 




23 1 














EC 




23 1 














EO 




23 1 














EE 




23 1 














EF 




23 1 














FO 




17 1 


30 + CR 1 




16 1 


16 » 


16 1 


16 1 


Fl 




17 1 


30*CR 1 




16 1 


16 I 


16 1 


16 1 


F2 




17 1 


3 0+CR 1 




16 1 


16 t 


16 1 


16 1 


F3 




17 1 


30+CR 1 




16 1 


16 1 


16 1 


16 1 
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VECTOR/STRING INSTRUCTION TIMES 



NO. 10358026 
DATE 

PAGE k5 

REV. 02 



Instruct i on 



Issue 



INB 



9usy 
VBA 



Not es 



PIS 



2 D ipe 



32M I 6<*M 



U P 



32M 



pe 



6<»M 



Fi» 

F5 
F6 

F7 
F8 
F9 
FA 

F3 
FC 
FD 
FE 

FF 



17 
17 
17 

17 
17 
23 
23 

23 
?3 
23 

?3 

23 



30*CR 
30+CR 

30 + CR 

30+CR 
35+CR 



16 
16 

16 

16 
2 



16 
16 
16 

16 
2 



16 
16 

16 

16 
2 



16 
16 
16 

16 
2 



t «^1 * 
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1. For each new Max/Min add 16 minor^ eye les . 

2. Each discontinuity in data flow a"dds 8 minor cycles. 



« » », i 



CYBER 205 



NOMINAL PERFORMANCE 



2-PIPE 



M-PIPE 



VECTOR ADD L4-bit 
32-bit 

VECTOR nULTIPLY L4-bit 

32-bit 

LINKED AI>B^ MULTIPLY L4-bit 

32-bit 

TRANSMIT m-bit 
32 -bit 

VECTOR DIVIDE L4-bit 

32-bit 



1-02 


+ 


L/1DD 


1-02 


+ 


L/200 


1-02 


& 


L/200 


1-02 


-j- 


L/400 


1-04 


.». 


L/10D 


1-04 


+ 


L/200 


1-Q4 


+ 


L/2DQ 


1-04 


+ 


L/400 


* 1-4S 


+ 


L/100 


1-4S 


+ 


L/200 


* l-4fl 


+ 


L/200 


1-4S 


+ 


L/400 


1-02 


+ 


L/100 


1-D2 


+ 


L/200 


1-02 


-j- 


L/2DD 


1-02 


+ 


L/400 


1-fc.O 


+ 


L/lfe. 


1-LD 


■V 


L/32 


l-3b 


+ 


L/3-S 


l-3b 


-*- 


L/Ll 



SWAP single L4-bit 
double L4-bit 



O-Sfe. + R/1D0 
1-12 + R/1DQ 



SC3UARE ROOT L4-bit 
32-bit 



1-L-O + L/lb 
1-3L- + L/3Q-S 



l-L-0 + L/32 
l-3b + L/t»l 



ALL TIMES IN MICROSECONDS 



* START-UP TIME DOT VERIFIED 






1 iU ml ill 



I 






CJP 

a/ao/aa 



CYDER SOS 



NOMINAL PERFORMANCE 



2-PIPE 



4-PIPE 



SPARSE ADD 



b4 _ bifc l.?b + Z/1DQ l-7b + Z/200 

3E _ bit 1.7b"~+Z/H0D l-7b + Z/4DO 

-Call Boolean connectives} [skips on runs of lb. a, M or 2 zeros} 
•Cthe only difference in timing Vector a Sparse is start-up=.Q-74> 
SPARSE MULTIPLY t4-bit 1 • 7fl + 2/10D L 7fi - Z/200 

3E _ bit i-?fl + Z/2DQ 1-7S + Z/400 



SPARSE DIVIDE 



L4-bit 
32-bit 



2-34 + Z/14 
2. ID + Z/2S 



B-34 + Z/2S 
E-1Q + z/so 



GATHER random 

periodic 



1-3S + L/MO 
D-?fi + L/40 



SCATTER random 

periodic 



1-tt -> L/4D 
1-42 + L/40 



MASK L4-bit 
32-bit 



1-Dfl + Z/1DD 
1-Dfl + Z/2DQ 



1-Dft + Z/20Q 
l-Dfi + Z/4DQ 



COMPRESS LM-bit 
32-bit 



1-00 + Z/1DO 
1-DQ + Z/200 



1-00 + Z/200 
1-00 + Z/400 



MERGE L4-bit 
32-bit 



1-lt + Z/100 
1-lb + Z/2DD 



1-1U + Z/200 
1-lt + Z/400 



ALL TIMES IN MICROSECONDS 





PRIVAT. 



■j*:.»r. 






CJP 

a/ao/ao 



CYBER 2QS 



NOMINAL PERFORMANCE 



2-PIPE 



M-PIPE 



SELECT b4~bit 
32-bit 



1-72 + pipe rate 



COMPARE LM-bit 
32-bit 



1-12 + pipe rate 



SEARCH bM-bit 
3E-bit 

MAXIMUM 

minimum 



D-32 + -CU-3D+A>*-il-2 l l + piperate> 

* 1-72 + L/ SO 

* 1-72 + L/SD 



SUM double precision 



PRODUCT single precision 



INNER PRODUCT double 



* 2-32 -»- L/ SO 

* 2 -52 + L/SQ 

* 2-32 * L/SD 



BIT LOGICALS 
BIT COMPRESS 



0-^4 + C/fiDO 



l-3t, + X/flDQ 



BIT MERGE 



D-^fi + Z/BDD 



BIT MASK 



ft 



'E 



PRIVATE 



V. 



D-IS + Z/flOD 



* START-UP TIME 
NOT VERIFIED 



CJP 
b/cQ/ZQ 



